Summary. Endometrial 
Introduction
Successful establishment and maintenance of pregnancy involves a close communication between the mother and the developing conceptus. The critical importance of synchrony in the development of these two biological systems as pregnancy progresses has been demonstrated by embryo transfer studies in domestic animals (Rowson et ai, 1972; Wilmut & Sales, 1981; Wilmut et ai, 1985) . Steroid-induced alterations in the reproductive tract during the early period after oestrus are criti¬ cal to embryonic survival (Miller & Moore, 1976; Moore et ai, 1983; Wilmut et ai, 1985) and the rate of embryonic development in the sheep and cow can be altered by the uterine environment (Wilmut & Sales, 1981; Wilmut et ai, 1985; Garrett et ai, 1987) . Presumably, many of the steroiddriven functions of the uterus are mediated by secretory proteins. Stage-specific secretion of
•Reprint requests to Dr P. J. Hansen. proteins by the bovine uterine endometrium has been reported (Roberts & Parker, 1974 Bartol et ai, 1981a, b) . Endometrial proteins play roles as transport molecules (Buhi et ai, 1982; Pentacost & Teng, 1987) , protease inhibitors (Fazleabas et ai, 1982) , lysosomal enzymes (Hansen et ai, 1985) and immunoregulatory molecules (Murray et ai, 1978) .
Because of the potential importance of interactions between the conceptus and maternal endometrium that are mediated by endometrial secretory proteins, the objectives of the current experiment were to characterize the pattern of endometrial protein secretion during the first 8 days after oestrus and to determine whether factors related to the success of pregnancy are associated with changes in endometrial protein secretion. Embryos transferred into the uterine horn ipsilateral to the corpus luteum in cows have an increased chance of survival compared to embryos trans¬ ferred into the contralateral horn (Newcomb & Rowson, 1976; Christie et ai, 1979; Newcomb et ai, 1980) . The physiological basis for this phenomenon is unclear and one goal was to identify differences in endometrial protein secretion between the uterine horns ipsilateral and contralateral to the ovary bearing the corpus luteum. Secondly, it was tested whether elevated temperature, which is associated with a marked increase in embryonic mortality during early pregnancy in the cow (Thatcher & Collier, 1986) , also alters endometrial protein secretion. Heat shock alters protein secretion and development in a variety of cell types (Ashburner, 1982; Nover, 1984) and alteration by heat shock of the endometrial protein secretory pattern characteristic of the early period after oestrus may play a role in failure of pregnancy.
Materials and Methods
Materials. Eagle's minimal essential medium (MEM) was modified by supplementation with penicillin (100 units/ml), amphotericin (250 ng/ml), streptomycin (100 pg/ml), insulin (0-2 units/ml), non-essential amino acids (1 %, v/v) and glucose (5mg/ml). Medium was also supplemented with D-calcium pantothenate (100 pg/ml), choline chloride (100 pg/ml), folie acid (100 pg/ml), /'-inositol (200 pg/ml) nicotinamide (100 pg/ml), pyridoxal-HCl (100 pg/ml), riboflavin (10 pg/ml) and thiamine (100 pg/ml). Content of L-leucine was limited to 01 times normal (5-2 mg/1) to enhance uptake of L-[4,5-3H]leucine added to cultures. Medium was filter sterilized (0-22 pm) and stored at 4°C. All medium components were from GIBCO (Grand Island, NY, U.S.A.).
Materials for electrophoresis, Western blotting and sample preparation have been described elsewhere (Putney et ai, 1988 (1970) . Proteins were resolved on 12-5% (w/v) polyacrylamide gels in the presence of 5% (v/v) 2-mercaptoethanol.
Two-dimensional SDS-PAGE was performed on proteins secreted into the culture medium using procedures described by Roberts et al. (1984) . Equal amounts of radiolabelled protein were loaded onto each gel to determine qualitative differences due to treatments. Samples were dissolved in 5mM-R2C03, pH 10-5, which contained 9 la¬ urea, 2% (v/v) NP-40 and 0-5% (w/v) dithiothreitol. Proteins were resolved in the first dimension by isoelectric focusing in 4% (w/v) polyacrylamide disk gels containing 250 mM-DATD, 80 M-urea, 2% (v/v) ampholytes (pH 3-10, 5-7 and 9-11; 50:36:16 Table 2 for results). Individual spots that were excised and counted are identified by number in (a).
however, a day side interaction for Proteins 8 (P < 005), 10 (P < 0-05) and 15 (P < 007) (Table 5 ). These interactions occurred because differences in secretion rates between the ipsilateral and contralateral sides were greatest at Days 0 and 2. In addition, the side temperature inter¬ actions for Proteins 7, 9, 10,11 and 19 (Table 4) indicate that at an incubation temperature of 39°C, secretion rates for these proteins were greater for the side of the uterus ipsilateral to the active tSignificant effect of day of the oestrous cycle ( < 005). {Significant effect of temperature (see Table 3 ). Significant day temperature interaction (see Table 3 ). Significant side temperature interaction (see Table 4 ). | | Significant day side interaction (see Table 5 ).
ovary. This result was masked at a 43°C incubation temperature by the greater inhibitory effect of heat shock on the ipsilateral side.
Production of heat-shock proteins ofMr 70 000 and 90 000
To determine qualitative changes in tissue proteins synthesized de novo, equal amounts of radiolabelled protein were resolved by one-dimensional SDS-PAGE. Representative fluorographs of one-dimensional SDS-polyacrylamide gels of tissue homogenates are shown in Fig. 2 Fig. 3 . The protein of 
Discussion
Our model involved determination of de-novo synthesis and secretion of proteins by cultured endo¬ metrium that was exposed to endogenous fluctuations in steroid concentrations normal for the bovine oestrous cycle. The elevated secretion by endometrium at oestrus is probably due to oestro¬ gens, which are elevated at oestrus (Peterson et ai, 1975) and enhance protein secretion by endo¬ metrium in cows (Bartol et ai, 1981b) and other species (Geisert et ai, 1982; Komm et ai, 1985; Kuivanen & DeSombre, 1985; Lejeune et ai, 1985; Salamonsen et ai, 1985) . Bartol et al. (1981a) (Table 4 ). In addition, secretion rates of Proteins 8, 10 and 15 were greater for endometrium from the ipsilateral horn at Days 0 and 2 but not at Days 5 and 8 (Table 5 ). This suggests a transient local effect of ovulation. Side differences with respect to the uterine and ovarian blood supply (Lamond & Drost, 1974; Ginther & DelCampo, 1974) and distribution of progesterone from the corpus luteum (Pope et ai, 1982) have been reported and it is likely that steroids or other molecules released from the preovulatory follicle or corpus luteum induce local effects to alter oviducal and endometrial protein secretory activity.
Elevated temperature, which is associated with embryonic mortality in cattle (Thatcher & Collier, 1986) , also altered protein secretion by the endometrium, though in a manner atypical of the classic heat-shock response. Total protein synthesis has been reported to decrease drastically in heat-shocked cells of many species of plants and animals (Ashburner, 1982; Nover, 1984 None the less, de-novo synthesis and secretion of certain specific proteins were decreased by heat shock even at Day 0, especially in tissue collected ipsilateral to the active ovary. Taken together, the results in Tables 4 and 5 suggest that the two uterine horns are different with respect to the secretion of certain proteins, especially immediately after oestrus, and that heat shock alters that response of side by reducing protein secretion in the ipsilateral but not the contralateral horn. Therefore, heat shock of endometrium may be associated with suppression of specific proteins rather than a more general inhibition. Differences in messenger RNA turnover, transcription or intracellular protease concentration may make protein secretion by endometrium ipsilateral to the active ovary more sensitive to inhibition by heat stress. It is not certain whether the subtle effects of heat stress on endometrial function observed in the present experiment would be sufficient to cause embryonic mortality. If ovarian processes alter the local uterine horn as a necessary step to prepare the uterine environment, alteration of that priming by heat shock could induce asynchronous development of the endometrium and conceptus resulting in increased embryonic mortality.
Heat shock results in specific changes in the patterns of protein synthesis by mammalian cells, characterized by the synthesis of a small number of intracellular proteins referred to as heat-shock or stress proteins that may provide a degree of tolerance to stress (Ashburner, 1982; Nover, 1984) . The endometrium of cows produces heat-shock proteins of Mr 70 000 and 90 000 (Putney et ai, 1988; present study). In the present study, we have observed that proteins in bovine endometrium cross-react with antibodies generated to two heat-shock proteins purified from HeLa cells (Welch et ai, 1982) . One antibody, to a protein of MT 73 000 that in HeLa cells is constitutively produced and amplified during heat shock, reacted with an intracellular protein of Afr73 000 in both homeothermic and heat-shocked endometrium. The other antibody, which recognizes a heat-shock protein of Mt 72 000 that is produced in response to heat shock, reacted with an endometrial protein of Mr 72 000 that also was greatly enhanced after heat shock.
In summary, secretion of proteins by the uterine endometrium during the first 8 days of the oestrous cycle in cows is significantly affected by day of the oestrous cycle, suggesting that some of the requirements for synchrony between mother and embryo (Rowson et ai, 1972; Wilmut & Sales, 1981; Wilmut et ai, 1985) are a result of the requirements of the embryo for a specific milieu of endometrial proteins for proper development. That the function of the endometrium is related to embryonic survival is suggested by findings that two factors that alter embryonic survival, side of the uterus relative to the corpus luteum (Newcomb & Rowson, 1976; Christie et ai, 1979; Newcombe et ai, 1980) and heat shock (Alliston & Ulberg, 1961; Alliston et ai, 1965; Elliott et ai, 1968; Ulberg & Sheenan, 1973) , are also associated with changes in endometrial protein secretion.
